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ABSTRACT 


The  theoretical  performance  of  the  antenna  element  for  the  96-element  receiving  array  of 
MITT^'s  High-Frequency,  High-Resolution  Experimental  Site  is  analyzed.  The  antenna 
element  consists  of  a  monopole  tower  with  a  buried  radial-wire  ground  screen  of  modest 
diameter.  Each  element  is  connected  by  a  long  buried  coaxial  cable  to  an  associated  receiver 
in  one  of  three  electronics  shelters  within  the  array.  The  analysis  forms  the  basis  for  select¬ 
ing  the  final  design  conEguration  of  the  monopole  antenna  element,  its  associated  ground 
screen,  and  the  buried  fe^  cable.  System  internal  noise  figure  and  antenna  directivity  serve 
as  the  principal  measures  of  performance.  The  contributions  of  antenna  efficiency,  cable 
mismatch  loss,  cable  attenuation  loss,  and  receiver  noise  figure  to  system  internal  noise 
figure  are  treated. 

The  monopole  antenna  element  and  an  alternative  dipole  antenna  element  are  modeled  and 
analyzed  using  the  Numerical  Electromagnetics  Code-Ground  Screen  O^JEC-GS)  version  of 
the  l^C  Method-of-Moments  software.  NEC-GS,  which  is  particularly  well-suited  for 
modeling  azimuthally  symmetric  structures,  is  used  to  calculate  the  antenna  input  impedance, 
efficiency,  and  power  gain  pattern.  The  antenna  efficiency,  cable  mismatch  loss,  and  antenna 
directivity  pattern  are  determined  as  a  function  of  frequency,  earth  electrical  properties,  and 
antenna  element/ground-screen  geometry.  Asymmetric  radiation  pattern  effects  caused  by  a 
long,  buried  or  unburied,  coaxial  feed  cable,  and  by  a  nearby  electronics  shelter,  are  also 
evaluated.  This  is  accomplished  by  using  NEC  software  versions  NEC-31  and  NEC-3  to 
model  the  monopole  with  ground  screen  in  the  presence  of  a  jacketed  feed  cable  and  a 
shelter,  respectively.  Included  are  brief  descriptions  of  NEC-GS,  NEC-3,  and  NEC-31  ver¬ 
sions  of  NEC,  and  some  associated  modeling  constraints. 
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SECTION  A1 


OVERVIEW 


Volume  2 — Appendices  presents  a  more  comprehensive  reference  set  of  theOTetical 
performance  results,  in  tabular  and  graphical  form,  for  the  symmetrical  "fat"  monopole 
antenna  configuration.  The  results  were  obtained  from  computations  using  the  Numerical 
Electromagnetics  Code-Ground  Screen  option  (NEC-GS).  The  objective  was  to  provide  a 
more  complete  reference  for  investigators  interested  in  a  more  extensive  set  of  results  than 
was  supplied  in  Volume  1.  The  results  are  suitably  identified,  but  presented  without 
elaboration,  to  serve  as  an  archival  reference. 

The  measures  of  performance  include  antenna  input  impedance,  magnitude  of  the  reflection 
coefficient,  cable  mismatch  loss,  antenna  efficiency,  ohmic  loss  (noise  figure),  and 
directivity.  These  were  examined  as  a  function  of  monopole  antenna  dimensions  (height  and 
feed  height),  number,  length,  and  depth  of  ground  screen  radial  wires,  electrical  properties 
(conductivity  and  relative  dielectric  constant)  of  the  surrounding  earth,  anti  operating 
frequency  across  the  HF  band.  The  remainder  of  Volume  2  is  organized  as  follows: 

SECTION  A2  —  5.4  METER  MONOPOLE  CONFIGURATION  RESULTS 

•  Antenna  input  impedance 

•  Antenna  reflection  coefHcient  and  cable  mismatch  loss 

-  Antenna  efficiency  and  noise  figure  (ohnnic  loss) 

-  Cable  attenuation  loss 

-  System  internal  noise  figure 

-  Directivity 

SECTION  A3  —  6.3  METER  MONOPOLE  CONFIGURATION  RESULTS 

•  Antenna  input  impedance 

-  Antenna  reflection  coefficient  and  cable  mismatch  loss 

-  Antenna  efficiency  and  noise  figure  (ohmic  loss) 

-  Cable  attenuation  loss 

-  System  internal  noise  figure 

-  Directivity 


SECTION  A4  —  6.0, 6.5, 7.0  METER  MONOPOLE  RESULTS 

-  Antenna  input  impedance 

-  Antenna  efficiency  and  noise  figure  (ohmic  loss) 

-  Directivity 
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5.4  METER  MONOPOLE  CONnCURATION  RESULTS 
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Figure  A- 1 .  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Wet  Ground  for  5.4  Meter  High 
Monopolc  with  12  Meter  Radius  Ground  Screen  of  76  Radials 


(Sluqo)  83uep8duj| 
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Figure  A-2.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Moist  Clay  for  5.4  Meter  High 
Monopolc  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


Figure  A-3.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Meduium  Dry  Ground  for  5.4 
Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


(suJMO)  souepoduui 
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Figure  A-4.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Sandy  Soil  for  5.4  Meter  High 
Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


Figure  A-5.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Very  Dry  Ground  for  5.4  Meter 
High  Monopolc  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


16  radials 

upper  curves;  Antenna  Resistance 
lower  curves:  Antenna  Reactance 
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Figure  A-6.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  and  Five  Soil  Conditions  for  5.4  Meter 
High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


1)1610  A'l.  Antenna  Inpnt  Resistance  and  Reactance  versus  Frequency  for  Five  Soil  Conditions  for  5A  Meter 
High  Monopole  with  12  Meter  Radius  Ground  Screen  ot  16  Radials,  2  mm  in  Diameter  and  Buried  0.178m  Deep 

(Supports  Vial.  1,  Thbles  5, 6, 7, 8, 9, 10,  &  12) 


(gp)  sson  L|3}eujS!i/M 
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Figure  A-7.  Cable  Mismatch  Loss  versus  Frequency  and  Five  Soil  Conditions  for  75  ohm  Coaxial  Cable 
Feeding  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


Table  A*2.  Antenna  Input  Resistance  (ohms).  Reactance  (ohms),  Magnitude  Squared  of 
Reflection  Coefficient  and  Mismatch  Loss  (dB)  versus  Frequency  for 
Five  Soil  Conditions  for  SA  Meter  High  Monopole  and  12  Meter 
Radius  Ground  Screen  of  7d  Radiab  and  a  75  ohm  Feed  Cable 

(Suppwtt  VoL  1.  Tables  5, 6. 7, 8, 9, 10  &  12) 
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Figure  A-8.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Wei  Ground  for  5.4  Meter  High 
Monopote  with  12  Meter  Radius  Ground  Screen  of  32  RadicAs 
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Figure  A-9.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Moist  Clay  for  5.4  Meter  High 
Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 


g_1Q  (y=-|.5  (32)  •  =  Antenna  Resistance 

o  =  Antenna  Reactance 

Conductivity  o,  in  mS/m 
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Figure  A- 10.  Anienna  Input  Resistance  and  Reactance  versus  Frequency  in  Medium  Dry  Ground  for  5.4  Meier 
High  Monopole  with  12  Meter  Radius  Ground  Sci^  of  32  Radiats 


g_4  a=0.15  (32)  □=  Antenna  Resistance 

o  =  Antenna  Reactance 

Conductivity  o,  in  mS/m 


(SLuqo)  eouepeduJi 
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Figure  A- 12.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  in  Very  Dry  Ground  for  5.4  Meier 
High  Monopoie  with  12  Meter  Radius  Ground  Screen  of  32  Radials 


Ibble  A«3.  ABteBM  Inpat  Resistance  and  Reactance  versos  Frequency  for  Five  Soil  Conditions  for  5.4  Meter  Higli  Monopole 
with  t2  Meter  Radius  Ground  Screen  of  J2  Radiabt  2  mm  in  Dbimeter  and  Buried  0.17S  Deep 

(Supports  Vd.  1.  Ihbies  S,  7.  A  8) 
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Figure  A- 14.  Cable  Mismatch  Loss  versus  Frequency  and  Five  Soil  Conditions  for  75  ohm  Coaxial  Cable 
Feeding  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  S2  Radials 
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Tibie  A>4.  Antenna  Input  Resistance  (ohms).  Reactance  (ohms),  Magnitude  Squared  of 
Reflection  Coefficient  and  Mismatch  Loss  (dB)  versus  Frequency  for 
Five  Soil  Conditions  for  5A  Meter  High  Monopoie  and  12  Meter 
Radius  Ground  Screen  of  32  Radiab  and  a  75  ohm  Feed  Cable 


(Supports  Vol.  1.  Tables  5, 7  &  8) 
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Figure  A- 1 8.  Anienna  Noise  Figure  (Ohmic  Loss)  versus  Frequency  and  Number  of  Radials  (16  or  32)  m 
Moist  Clay  for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen 


Conductivny  o,  in  mSIm 
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Figure  A-20.  Antenna  Noise  Figure  (Ohmic  Loss)  versus  Frequency  and  Number  of  Radials  (16  or  32)  in 
Sandy  Soil  for  5.4  Meter  High  Monopoie  with  12  Meter  Radius  Ground  Screen 
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Figure  A-22.  Antenna  Noise  Figure  (Ohmic  Loss)  versus  Frequency  and  Five  Soil  Conditions  for  5.4  Meter 
High  Mono|X)le  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Figure  A-23.  Antenna  Noise  Figure  (Ohmic  Loss)  versus  Frequency  and  Five  Soil  Conditions  for  5.4  Meter 
High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 
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'Diblc  A-6.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  for  Five  Soil  Conditions  for  5.4  Meter 
High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radiab,  2  mm  in  Diameter  and  Buried  0.178m  Deep 


Tible  A*7.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  for  Four  Soil  Conditions  for  5.4  Meter 
High  Monopole  with  24  Meter  Radius  Ground  Screen  of  16  Radiab,  2  mm  in  Diameter  and  Buried  0.178m  Deep 
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Tibk  A-*.  Antenna  Efficiency  and  Noise  Figure  versus  Frequency  for  Four  Soil  Conditions  for  5.4  Meter  High 
Monopole  with  24  Meter  Radius  Ground  Screen  of  16  Radiab,  2  mm  in  Diameter  and  Buried  0.178m  Deep 
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Tiblc  A-9.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  for  Four  Soil  Conditions  for  5.4  Meter 
High  Monopole  with  24  Meter  Radius  Ground  Screen  of  Radtab,  2  mm  in  Diameter  and  Buried  0.178m  Deep 
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'nible  A-iO.  Antenna  Efficiency  and  Noise  Figure  versus  Frequency  for  Four  Soil  Conditions,  for  5.4  Meter  High 
Monopole  with  24  Meter  Radius  Ground  Screen  M 32  Radials,  2  mm  in  Diameter  and  Buried  0.178m  Deep 
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liible  A-11.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  for  Five  Soil  Conditions  for  5.4  Meter 
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'Dibie  A*12.  Antenna  Efficiency  and  Noise  Figure  versus  Frequency  for  Five  Soil  Conditions  for  5.4  Meter  High 
Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials,  2  mm  in  Dbmeter  and  Buried  0305m  Deep 
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Dibte  A*  13.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  for  Five  Soil  Conditions  for  5.4  Meter 
High  Monopole  with  Feed  Point  Raised  OJm  and  with  12  Meter  Radius  Ground  Screen  of  16  Radiab,  2  mm  in 
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Tiblc  A*14.  Aataiiui  Efficiency  and  Noise  Figure  versos  Frequency  for  Five  Soil  Conditions  for  5.4  Meter  High  Monopole  with 
Feed  Point  Robed  02m  and  with  12  Meter  ^dius  Ground  Screen  of  16  Rtuliab,  2  mm  in  Diameter  and  Bui^  0.178m  Deep 
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Figure  A-26.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Wet  Ground  and  Maximum 
Length  Cable,  for  5.4  Meter  High  Monopole  wiUi  12  Meter  Radius  Ground  Screen  of  Id  Radials 
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Figure  A-27.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Moist  Clay  and  Maximum 
Length  Cable,  for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Frequency  (MHz) 

Figure  A*28.  System  Intemal  Noise  Figure  Cumulative  Contributions  for  Case  of  Medium  Dry  Ground  and 
Maximum  Len^  Cable,  for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Frequency  (MHz) 

Figure  A-29.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Sandy  Soil  and  Maximum 
Length  Cable,  for  5.4  Meter  High  Monopole  widi  12  Meter  Radius  Ground  Screen  of  16  Radials 


Frequency  (MHz) 

Figufc  A-30.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Very  Dry  Ground  and 
Maximum  Length  Cable,  for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Frequency  (MHz) 

Figure  A-32.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Wet  Ground  and  Maximum 
Length  Cable,  for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 
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Frequency  (MHz) 

Figure  A-33.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Moist  Clay  and  Maximum 
Length  Cable,  for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 
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Frequency  (MHz) 

Figure  A-34.  System  Internal  Noise  Figure  Cumulative  Conuibutions  for  Case  of  Medium  Dry  Ground  and 
Maximum  Len^  Cable,  for  5.4  Meter  High  Monopoie  with  1 2  Meter  Radius  Ground  Screen  of  32  Radials 
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E  A-3S.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Sandy  Soil  and  Maximum 
Length  Cable,  for  5.4  Afg/gr  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 
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Frequency  (MHz) 

Figiue  A-36.  System  Inlemal  Noise  Figure  Cumulative  Contributions  for  Case  of  Very  Dry  Ground  and 
Maximum  Length  Cable,  for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 
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Figure  A-37.  System  Internal  Noise  Figure  versus  Frequency,  Soil  Condition,  and  Maximum  and  Minimum 
Cable  Lengths  for  5.4  Meter  High  Monopole  with  12  Meter  High  Radius  Ground  Screen  of  52  Radials 


o 

O 


55 


•36  -30  -26  -20  -16  -10  -5  0  6  10 

Directivity  (dBi) 

Figuie  A-38.  Antenna  Directivity  versus  Elevation  Angle  and  Five  Soil  Conditions,  at  Frequency  of  5  MHz,  for 
5.4  Meta  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radittis 
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directivity  <dB) 

Figure  A-39.  Antenna  Directivity  versus  Elevation  Angle  and  Five  Soil  Conditions,  at  Frequency  of  10  MHz, 
for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  (rf  16  RaditJs 


58 


16  radials 


Wet  Ground  €-30  a-15 
IQ  raditt(« 


61 


18  radials 


Directivity  (dBi) 

Figure  A-4S.  Antenna  Directivity  versus  Elevation  Angle  and  Frequency  for  5.4  Meter  High  Monopole 
with  12  Meter  Radius  Ground  Screen  of  J6  Radials  for  a  Moist  Clay  Condition 


Medium  Dry  Ground  €«10  <r-1.5 
16  radials 
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Figttie  A-46.  Antenna  Directivity  venus  Elevation  Angie  and  Frequency  for  5.4  Meter  High  Monopole 
with  12  Meter  Radius  Ground  Screen  of  16  Radials  for  a  Medium  Dry  Ground  Condition 
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Directivity  (dBi) 

Figure  A-47.  Antenna  Directivity  versus  Elevation  Angle  and  Frequency  for  5.4  Meter  High  Monopole 
with  12  Meter  Radius  Ground  Screen  of  16  Radials  for  a  Sandy  Soil  Condition 


Table  A*15.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Six  Frequencies  and  Five  Soil  Conditions,  for 
5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Tabic  A-15.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (0)  for  Six  Frequencies  and  Five  Soil  Conditions,  for 
5.4  Meier  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radiab  (Continued) 
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TMk  A-IS.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Si*  Frequencies  and  Five  Soil  Conditions,  for 
5.4  Meur  High  Monopoie  with  12  Meter  Radius  Ground  Screen  of  16  Radieb  (Concluded) 
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•  36  -  30  -26  -20  -15  -10  -6  0  6  10 

Directivity  (dBi) 

Rguie  A-S2.  Antenna  Directivity  versus  Elevation  Angle  and  Five  Soil  Conditions,  at  Frequency  of  20  MHz, 
for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 
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Directivity  (dBi) 

Figure  A'S3.  Antenna  Directivity  versus  Elevation  Angle  and  Five  Soil  Conditions,  at  Frequency  of  25  MHt, 
for  5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radials 
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Directivity  (dBi) 

Figure  A-S4.  Antenna  Directivity  versus  Elevation  Angle  and  Five  Soil  Conditions,  at  Frequency  of  30  MHz, 
for  S.4  Meter  High  Monopole  with  12  Meier  Radius  Ground  Screen  of  J2  Radials 
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Directivity  (dBi) 

Figure  A-SS.  Antenna  Directivity  versus  Elevation  Angle  and  Frequency  for  5.4  Meter  High  Monopole 
with  12  Meter  Radius  Ground  Screen  of  32  Radials  for  a  Wet  Ground  Condition 
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DiredivHy  (dBi) 

Figure  A-S8.  Antenna  Directivity  versus  Elevation  Angle  and  Frequency  for  5.4  Meter  High  Monopole 
with  12  Meter  Radius  Ground  Screen  of  32  Radials  for  a  Smdy  Soil  Condition 
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Table  A-li.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Six  Frequencies  and  Five  Soil  Conditions,  for 
5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  J2  Radiab 
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Table  A-16.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (G)  for  Six  Frequencies  and  Five  Soil  Conditions,  for 
5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radiab  (Continued) 
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Table  A-16.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Six  Frequencies  and  Five  Soil  Conditions,  for 
5.4  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  32  Radiab  (Concluded) 


N«0^a9«Atfvo«DOekr^«ffi^r>>^o^eDr«r<«o«e0^H«««eDfiDir)0ttr)^«Hf*>cD0>iA<iO 


T  r 

o 

S 

N 

% 


E 

in 

o 

i 

o 

V 

n 


Mr«'««D^Qs6eDota3«^<Hin««f«iAOCDOODr«u^««A(D«rorts>iAr«^mrv»o\or*»^ 

So«wi\0f*>.oc«omr«spfvci<c<*>^<D^«H«Hf-temo«r»^cbooovovtHOf^<*>tnot 


NODOdr*»P^vo<ntd)9«rArt«MM^i^(DfiDm«r«\o^DfV)VH*4mOiAf«or<«r«^otr^o 

S*O<*>«*^49^«6C«OOr*>«OW%O''^^9'P««^P»-Q)P'O'9t<D«0<pOW^O'OO9'iO0>« 


Of***Hp«.inivi<Np^OO^es<*«c«‘ 

1/^  <^  H  t  •  I  <  «  « 


I  Ci  n  o  o  ^  O  O 


I 

iU 


d  i 


“■vo®t?»vOH^Onfr)kftr>«®ir»o«u'®< 


®r^lnf<^lnmu^»4®oo^»c^^»r•w>tn®® 

®®9v000®®in<n^f^M>r^int«0(*«® 


rt  o  ^  ^  O 


)®tnow^otnotootr>ot^OV^omot^Olf>Ol^OlDOlf^Otf^Ol 


I  o  m  o  tn  o 


<  o  t 

F- . 

uotNinp-OfMtnr-Optinf^ot^w^f^Owmr-orevnr-owtor^OwmroOpeinr-O 

F- 


82 


SECTION  A3 

6.3  METER  MONOPOLE  CONnGURATION  RESULTS 
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Figure  A-60.  Antenna  Input  Impedance  (Resistance  and  Reactance)  versus  Frequency  in  Wet  Ground  for 
6J  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radices 
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Figure  A-61.  Anienna  Input  Impedance  (Resistance  and  Reactance)  versus  Frequency  in  Moist  Clay  Tor 
6  J  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


Figure  A-63.  Antenna  Input  Impedance  (Resistance  and  Reactance)  versus  Frequency  in  Sand  for  63 
Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


Figure  A-64,  Antenna  Input  Impedance  (Resistance  and  Reactance)  versus  Frequency  in  Wtry  Dry  Ground 
for  6J  Meier  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radieds 


Frequency  (MHz) 

Figure  A-65.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  for  Five  Soil  Conditions  for  6J  Meter 
High  Monopolc  with  12  Meter  Radius  Ground  Screen  of  16  Radicds 


Frequency  (MHz) 

Figure  A~66.  Cable  Mismatch  Loss  versus  Frequency  and  Five  Soil  Conditions  for  75  ohm  Coaxial  Cable 
Feeding  6.3  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 


Table  A*17.  Antenna  Input  Resistance  (ohms),  Reactance  (ohms),  Magnitude  Squared  of  Reflection 
Coefficient  ()  ll  \  and  Mismatch  Loss  (dB)  versus  Frequency  for  Five  Soil  Conditions  for  63  Meter 
High  Monopole  and  12  Meter  Radius  Ground  Screen  of  16  Radials  and  a  75  ohm  Feed  Cable 

(Supports  Vol.  1,  Table  12) 
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Figure  A-67.  Antenna  Noise  (Ohmic  Loss)  versus  Frequency  and  Five  Soil  Conditions  for  6J  Meier 
High  Monopole  with  12  Meter  Radios  Ground  Screen  of  32  Radials 


IVible  A-IS.  Meter  High  Monopole  Anteniui:  Efficiency  and  Noise  Figure  versus  Frequency  tor  Five  Soil 
Conditions  for  12  Meter  Radius  Ground  Screen  of  16  R^lab,  2  mm  in  Diameter  and  Buried  0.178  Deep 
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Figure  A-68.  System 
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Frequency  (MHz) 

Figure  A-69.  System  Internal  Noise  Figure  Cumulative  Contributions  for  Case  of  Moist  Clay  and  Maximum  Length 
Qdile  for  63  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Figufc  A-71.  System  Intemal  Noise  Figure  Cumulative  Contributions  for  Case  of  Sandy  Soil  and  Maximum  Length 
Cwle  for  63  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Raduds 
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Frequency  (MHz) 

FigineA-Tl  System  linemal  Noise  Fi|ureCumiilaiiveCotiiribuiioiH  for  Case  ot  Veiy  Dry  Growid  and  h 
Cable  for  6  J  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Figure  A-73.  System  Internal  Noise  Figures  versus  Frequency,  Soil  Condition,  and  Maximum  and  Minimum 
Cable  Lengths  for  6J  Meier  High  Monopole  Antenna  with  12  Meter  Radius  Ground  Screen  of  16  Radud  Wires 
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Figure  A- 79.  Antenna  Directivity  versus  Elevation  Angle  and  Five  Soil  Cbnditions,  at  Frequency  of  30 
for  63  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 
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Figure  A-81.  Antenna  Directivity  versus  Etevatkm  Angle  and  Frequency,  for  6J  Meier  High  Monopole 
Antenna  with  12  Meter  Radius  Ground  Screen  of  16  Radiais,  for  a  Moist  Clay  Condition 


Medium  Dry  Ground  €»10  <r»1.5 
16  r«dia(s 


16  MHi 


Ground  <r-0.15 


<^vo\0(«4^flQf^O0vcDt/)^sOO^c^«r9^mwOHW^^oo**HmtAflDCDr^(*^r^vo<*^ 

O  •  . . . . . . 

CO  ov^oor*‘^(s•-HOOt-(rs|<nm^^v^«r9^^r)mr)mmmm^nmmr^mmrNOmc^ 

CD  t>4  (  I  I  I  I  I  OP 

ill  , 


O 

I 
o 

? 

II 

> 

jt 

M 

S 

< 

I 

CB 

> 


(O 

1  « 
s  T 

2  i 

i  O 

S  <0 
N 
w 
(U 


onvoor*'^omflDt-HVin(r>v^r^f^f«>(^^i/)r**^orni0^moD^aDiDaDOor^(Neoo 
tf>  r*‘Ooa^i-4fn9>r^r^ON0«-Hinooo^r4C4(Nrg<Nr)^o^noDfnr*‘*-^r^v(Nr*‘r-‘Oovr> 

tt  eDa>(>4CDS6vr*j«HOoo«^^^C4r^r^rgrs)cg(Nrgc4r^nm«^mir)ir>i/)vr>r-trNOD 

®  •H  I  I  I  I  I  I  I  go 

III  , 

t/>  . . . 

CNJ  ®«^i/^^®r‘®4n^<n(M<M^«^f-400000«-*r^csr*)v^tnhr>in®®min^rMrsj® 

®rM^«-iit»iiiiiiiii|j  10 

I  I  I  I  ‘  I 

JM  r*‘tf)0viD(n«>4O®r'®®ir»5r<nr4fs<-4oo<~ii-<(Nmvvir)miA®®ini/)inm*>4(Nr>- 

^^®(N«-tf-H«--l«-1^tl||||lt|||  10 

(  I  I  I  I  I  I  I 

^®«/)0^fnino®^c4^ooor^r^inr>or*>^r^®v®CN4i/)r*‘®r^®c>4knvr>ov 
O  . . 

®^i|C4t>^«-H^«-4«-^|||||||||  10 

. Ill  I 

®in®®04nr)V4-^oor^cgc^o^Of^rg®iAOOvf^r<4in*^or*4Vbn«-4®®®(sm» 
^  ^  r*^  in  ®  i/)  4^  <9^  ®  ®  in  ^  r>  fs  ^  o  o  o  ^  (s  (N  r)  m  ^  V  i/>  m  lA  i/>  iAin  w  o  r)  r* 

C^®C4*H^4>Hf-l|||||||||  10 

—  »  «  I  I  t  I  I 

>» 

.tr 

,2;  nror^®in®oi<v^o*-rf^®^o®r^<v®r>r*>®ooifn(svoiino<N®r*i(s®Oi«n 

*«  ^  fn  <N  <N  ®  w  ^  tn  ^  ®  «  ®  o\  o  m  V  O  ®  (N  fw  ®  o  «•  ®  O' ^  f>*  fsi  ^  ®  n  ®  ^  r>  Oi  m 

8J  ^  4*^  f**  ^  ®  r»  ®  ^  m  «N  ^  o  o  ^  CN  r*i  m  r)  V  V  V  V  m  in  in  m  m  V  V  m  (^  o 

®<S4-ii-^4Httlttlttl  lOD 

U  I  t  I  I  I  I 

r^^^-iO^r-cNinfsor^^-icDf^^fMO^^Ofs^c^ocnoofvv^inoo^or- 
4/)  oi®®n®®rM®r'r»®9»rs'<r^®r^r*^^in®rvvr*‘®O<-^*-4O04no<n«-4Or)C4 

^  r»«-<infM<y'r**®^<ncMt^ooo^«-<<'«ic>4r>«nfn^^v'Vinininin^^^*nc'*ovr‘ 

^®<>l»H.-<l|l|l||||  10 

I  I  t  I  I 

inO0r^r>in0®oi(N^^r«^o«ncM0in^rNoro(N00or«000r^rM^ooin 

«-H«-tOino<>4in(Nr-t^r^f«vcg0«notn0fnr^or>lnr*‘0OiO(^®0mo^ovf-•^^ 

O  . . . . . 

r>-^in<-4®r*‘in^<nc<4^ooo^c<icMrgmn^v^«r^'Vinvvwr)n^o^r^ 

0<N^^iiiiiiii  ii® 

I  t  I  I  I 

N 

T  r)n<N*-<rMr-nn^<N^®O0^r“®^®r>0inof><^c>io»noo^ocyOinm®fn 
2  •~4r^r^cgr*‘®r40000<N^^0<-i0Ovr*>o<nin00OiOi0i00m0<^0OCMfM 

4rt  r*ovi-4®®inr)<N«-»ooo^«-<<NCv<nr>o^v^v^^^^^^^fnr)^Ovr- 
^•®<N^^lllllf»t  110 

I  I  I  I  I 

N 

Z  r*cN^o<N*-<®®in®«V0<v<n00fnn®^Oi^incN^fnr-inr-o»no^®.-4r*r- 
Jg  ®®0*-«®f-**^®r*r‘0^inf-i0*-^0onr‘a>f^v0r*®®®r^0r>o\CNj^r)r^® 

tf)  0o^^0®infn<N^ooo*^^f>ifN<nfnr>r>^^^^^^^^^^mr>CNOr^0 
«0fgFH«-l|||||lll  10 

"fill  I 

U. 


oinoinoinoinoinoinomotnomoinomoinoinoinomoinoinoino 
®  oc<inr*OfMinr*o<N4nr^oMinfOCNnnr‘Ocsinr>*or^inr‘O0jinr*o<Ninr‘O 


111 


!  A-19.  Aateau  Diractbity  hi  dBi  versus  Ptolar  Augle  Theta  (0)  for  Eleven  Ftrequendes  and  Hve 
lilions,  for  4J  Mt$er  High  Monopole  with  12  Meter  Radius  Ground  Screen  oT  16  RtMab  (Contini 
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SECTION  A4 

6.0, 6J,  7.0  METER  MONOPOLE  RESULTS 
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Table  A>20.  Antenna  Input  Resistance  and  Reactance  versus  Frequency  for  Five  Soil  Conditions,  for  6.0, 6.5  and  7.0  Meter 
High  Monopoles  with  12  Meter  Radius  Ground  Screen  of  16  Radials,  2  mm  in  Diameter  and  Buried  0.178m  Deep 

(Supports  Vol.  1.  Table  12) 


Tible  A>21.  Antenna  Efficiency  and  Noise  versus  Frequency  for  Five  Soil  Conditions,  for  6.0, 6.5  and  7.0  Meter 
High  Monopoles  with  12  Meter  Radius  Ground  Screen  of  16  Radials,  2  mm  in  Diameter  and  Buried  0.178m  Deep 

(Supports  Vol.  1.  Table  12) 
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OIrectJvMy  (dBi) 

\-87.  Antenna  Directivity  versus  Elevation  Angle  and  Five  Soil  Conditions  for  6J  Meter  High 
Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials  at  Frequency  of  JO  MHt 


Wet  Ground  e«*30  a«15 
16  redials 


123 


Directivity  (dBi) 

Figure  A-88.  Antenna  Diiecti>nty  versus  Elevttion  Angle  and  Frequency,  for  65  Meter  High  Monopole  with 
1 2  Meter  Radius  Ground  Screen  of  /d  RocUatSy  for  a  Wet  Ground  Condition 
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Directivity  (dBi) 

FigufeA*89.  Antenna  OifKdvity  versus  Elevation  Angte  and  frequency,  for  dJ^feter  High  Monopole  with 
12  Meter  Radius  Ground  Screen  of  /6/?adiais,  for  a  Moist  Ci^  Condition 
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Directivity  (dBl) 

Rgure  A-91.  Anieira  DiitctivHy  versus  Elevation  Angle  and  Frequency,  for  65  Meter  High  Monopole  with 
12  Meter  Radius  Ground  Screen  of  16  Radials,  for  a  Sandy  SoU  Condition 


Very  Dry  Ground  €-4  tr-O.IS 

16  radials 
o  -  5  MHz 

6  -  17.5  MHz 
+  -  30  MHz 
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Directivity  (dBi) 

Figure  A-92.  Antenm  Directivity  versus  Elevation  An^  and  I^uency,  for  6  J  Merer  High  Monopole  with 
12  Meter  Radius  GiXMind  Screen  of  16  RaduUs,  for  a  Very  Dry  Ground  Condition 


30  MHz 
16  radiBts 

Wet  Ground  e=30  o*15 


Directivity  (dBi) 

Figure  A-93.  Anienrai  Directivity  vmus  Elevation  Angle  and  Five  Soil  Conditions  for  6.0  Meter  Hirt 

Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials  at  t^ueocy  of 


lOimo'Wip 


Table  A-22.  Antenna  Directivity  in  dfii  versus  Polar  Angle  Tbeta  (0)  for  Three  Frequencies  and  Five  Soil 
Conditions,  for  6J  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 

(Elevation  Angle  y  =  90®  -  0) 


Ef  -  30,  O  -  15  mS/m 


WET  GROUND 


THETA 

5  KHZ 

17.5  KHZ 

30  KHZ 

0.0 

-86.91 

-87.40 

-89.57 

2.5 

-20.63 

-26.08 

-16.45 

5.0 

-14.62 

-20.01 

-10.45 

7.5 

-11.11 

-16.42 

-6.95 

10.0 

-8.64 

-13.81 

'4.49 

12.5 

-6.72 

-11.75 

-2.60 

15.0 

-5.17 

-10.01 

-1.08 

17.5 

-3.87 

-8.50 

0.17 

20.0 

-2.76 

-7.15 

1.22 

22.5 

-1,79 

-5.92 

2.11 

25.0 

-0.93 

-4.79 

2.86 

27.5 

-0.17 

-3.73 

3.48 

30.0 

0.51 

-2.75 

4.00 

32.5 

1.12 

-1.83 

4.40 

35.0 

1.67 

-0.96 

4.71 

37.5 

2.17 

-0.15 

4.91 

40.0 

3.62 

0.61 

5.02 

42.5 

3.02 

1.33  • 

5.03 

45.0 

3.39 

2.00 

4.94 

47.5 

3.71 

2.62 

4.76 

50.0 

3.99 

3.19 

4.50 

52.5 

4.24 

3.71 

4.18 

55.0 

4.45 

4.17 

3.81 

57.5 

4.62 

4.58 

3.44 

60.0 

4.75 

4.93 

3.12 

62.5 

4.83 

5.22 

2.90 

65,0 

4.87 

5.43 

2.80 

67.5 

4.85 

5.56 

2.83 

70.0 

4.77 

5.60 

2.95 

72.5 

4.61 

5.52 

3.08 

75.0 

4.33 

5.30 

3.13 

77.5 

3,91 

4.87 

3.00 

80.0 

3,25 

4.17 

2.56 

82.5 

2.18 

2.99 

1.61 

85.0 

0.31 

0.94 

-0.29 

87.5 

-3.76 

-3.42 

-4.56 

90.0 

-86.91 

-87.40 

-89.57 

.  10,  o  -  IS  mS/m 


THETA 

MOIST  CLAY 

5  MHZ  17.5  MHZ 

30  KHz 

0.0 

-87.00 

'86.35 

'89.91 

2.5 

-20.63 

-25.37 

-16.66 

5.0 

-14.62 

-19.31 

-10.65 

7.5 

-11.11 

-15.71 

-7.16 

10.0 

'8.63 

-13.12 

-4.69 

12.5' 

-6.72 

-11.06 

-2.80 

15.0 

-5.17 

-9.33 

-1.28 

17.5 

-3.87 

-7.83 

-0.03 

20.0 

-2.75 

-6.50 

1.03 

22.5 

-1.78 

-5.28 

1.93 

25.0 

-0.93 

-4.17 

2.69 

27.5 

-0.17 

-3.14 

3.33 

30.0 

0.52 

'2.18 

3.86 

32.5 

1.13 

-1.28 

4.29 

35.0 

1.68 

-0.44 

4.63 

37.5 

2.18 

0.34 

4  .86 

40.0 

2.63 

1.08 

5.04 

42.5 

3.03 

1.76 

5.12 

45.0 

3.40 

2.40 

5.11 

47.5 

3.72 

2.99 

5,03 

50.0 

4.00 

3.52 

4.87 

52.5 

4.25 

4.01 

4.66 

55.0 

4.46 

4.43 

4.40 

57.5 

4.63 

4.80 

4.12 

60.0 

4.76 

5.11 

3.85 

62.5 

4.85 

5.35 

3.59 

65.0 

4.88 

5.51 

3.37 

67.5 

4.87 

5.58 

3.19 

70.0 

4.78 

5.54 

3.03 

72.5 

4.61 

5.38 

2.84 

75.0 

4.33 

5.06 

2.55 

77.5 

3.89 

4.52 

2.08 

80.0 

3.21 

3.66 

1.30 

82.5 

2.11 

2.28 

-0.02 

85.0 

0.17 

-0.04 

-2.33 

87.5 

-4.03 

-4.77 

-7.10 

90.0 

-87.00 

-86.35 

-89.91 
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Table  A-22.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Three  Frequencies 
and  Five  Soil  Conditions,  for  6J  Meter  High  Monopole  with 
12  Meter  Radius  Ground  Screen  of  16  Radials  (Continued) 

(Elevation  Angle  y  =  90®  -  6) 


Er 

- 10,  a- 

1.5  mS/m 

Er- 

4,0- 

1 .5  mS/m 

MEDIUM  DRY  GROUND 

SAND 

THETA 

5  MH2 

17.5  MHz 

30  MHz 

THETA 

5  MHz 

17.5  MHz 

30  MHz 

0.0 

-84.98 

-86.37  - 

89 . 90 

0.0 

-84.25 

-85.65 

-90.27 

2.5 

-19.47 

-26.61  - 

16.96 

2.5 

-19.22 

-28.19 

-17.93 

5.0 

-13.46 

-20.51  - 

10.96 

5.0 

-13.21 

-22.04 

-11.90 

7.5 

-9.96 

-16.86 

-7.47 

7.5 

-9.71 

-18.31 

-8.38 

10.0 

-7.48 

-14.18 

-5.02 

10.0 

-7.24 

-15.53 

-5.88 

12.5 

-5.58 

-12.02 

-3.15 

12.5 

-5.33 

-13.24 

-3.95 

15.0 

-4.04 

-10.19 

-1.65 

15.0 

-3.80 

-11.27 

-2.39 

17.5 

-2.76 

-8.57 

-0.41 

17.5 

-2.51 

-9.49 

-1.08 

20.0 

-1.66 

-7.12 

0.63 

20.0 

-1.42 

-7.88 

0.02 

22.5 

-0.71 

-5.79 

1.50 

22.5 

-0.47 

-6.39 

0.96 

25.0 

0.12 

-4.56 

2.24 

25.0 

0.36 

-5.01 

1.77 

27.5 

0.86 

•3.42 

2.66 

27.5 

1.10 

-3.73 

2.45 

30.0 

1.51 

-2.36 

3.38 

30.0 

1.75 

-2.54 

3.03 

32.5 

2.09 

-1.38 

3.79 

32.5 

2.32 

-1 . 44 

3.50 

35.0 

2.61 

•0.46 

4.12 

35.0 

2.83 

-0.42 

3.89 

37.5 

3.07 

0.40 

4.36 

37.5 

3.29 

0.52 

4.18 

40.0 

3.47 

1.19 

4.51 

40.0 

3.68 

1.37 

4.40 

42.5 

3.83 

1.92 

4.59 

42.5 

4.03 

2.15 

4.55 

45.0 

4.14 

2.59 

4  .60 

45.0 

4.33 

2.86 

4.63 

47.5 

4.40 

3.20 

4.54 

47.5 

4.58 

3.49 

4.66 

50.0 

4.62 

3.75 

4.43 

50.0 

4.78 

4.05 

4.64 

52.5 

4.79 

4.24 

4.29 

52.5 

4.93 

4.53 

4.59 

55.0 

4.91 

4.66 

4.14 

55.0 

5.03 

4.94 

4.52 

57.5 

4.99 

5.01 

3.99 

57.5 

5.08 

5.26 

4.44 

60.0 

5.01 

5.29 

3.86 

60.0 

5.07 

5.51 

4.35 

62.5 

4.98 

5.50 

3.80 

62.5 

5.00 

5.67 

4.27 

65.0 

4.88 

5.62 

3.77 

65.0 

4.86 

5.73 

4.18 

67.5 

4.70 

5.64 

3.75 

67.5 

4.63 

5.68 

4.06 

70.0 

4.43 

5.54 

3.72 

70.0 

4.30 

5.50 

3.88 

72.5 

4.04 

5.31 

3.61 

72.5 

3.84 

5.17 

3.61 

75.0 

3.50 

4.90 

3.37 

75.0 

3.22 

4.65 

3.17 

77.5 

2.76 

4.26 

2.91 

77.5 

2.37 

3.88 

2.50 

80.0 

1.70 

3.28 

2.11 

80.0 

1.19 

2.75 

1.47 

82.5 

0.14 

1.78 

0.76 

82.5 

-0.53 

1.06 

-0.13 

85.0 

-2.38 

-0.70 

-1.61 

85.0 

-3.23 

-1.64 

-2.76 

87.5 

-7.30 

-5.61 

-6.45 

87.5 

-8.38 

-6.83 

-7.90 

90.0 

-84.96 

-86.37 

-69.90 

90.0 

-84.25 

-85.65 

-90.27 
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Table  A>22.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Three  Frequencies 
and  Five  Soil  Conditions,  for  6S  Meter  High  Monopole  with 
12  Meter  Radius  Ground  Screen  of  id  Radials  (Concluded) 

(Elevation  Angle  v  =  90°  -  0) 

-  4,  o  -  0.15  mS/m 

VERY  DRY  GROOND 


THETA 

5  KHz 

17.5  KHZ 

30  KHz 

0.0 

-85.34 

-85.81 

-90.28 

2.5 

-18.98 

-36.54 

-19.01 

5.0 

-12.98 

-29.95 

-12.95 

7.5 

-9.48 

-25.56 

-9.37 

XO.O 

-7.01 

-22.00 

-6.79 

12.5 

-5.11 

-18.90 

-4.77 

15.0 

-3.58 

-16.13 

-3.10 

17.5 

-2.30 

-13.62 

-1.69 

20.0 

-1.21 

-11.34 

-0.49 

22.5 

-0.27 

-9.27 

0.55 

25.0 

0.56 

-7.39 

1.45 

27.5 

1.28 

-5.68 

2.21 

30.0 

1.92 

-4.13 

2.85 

32.5 

2.49 

-2.72 

3.38 

35.0 

2.99 

-1.44 

3.81 

37.5 

3.43 

-0.29 

4.14 

40.0 

3.81 

0.75 

4.39 

42.5 

4.15 

1.69 

4.55 

45.0 

4.43 

2.52 

4.64 

47.5 

4.67 

3,26 

4.67 

50.0 

4.85 

3.90 

4.66 

52.5 

4.99 

4.46 

4.61 

55.0 

5.08 

4.93 

4.54 

57.5 

5.11 

5.31 

4.46 

60.0 

5.08 

5.59 

4.39 

62.5 

4.99 

5.79 

4.31 

65.0 

4.82 

5.87 

4.24 

67.5 

4.56 

5.85 

4.13 

70.0 

4.20 

5.69 

3.97 

72.5 

3.71 

5.37 

3.70 

75.0 

3.05 

4.86 

3.28 

77.5 

2.16 

4.10 

2.61 

80.0 

0.93 

2.97 

1.59 

82.5 

-0.83 

1.29 

0.00 

85.0 

-3.59 

-1.42 

-2.63 

87.5 

-8.81 

-6.60 

-7.77 

90.0 

-85.34 

-85.81 

-90.28 
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Table  A>23.  Antenna  Directivity  in  dBi  versus  Polar  Angie  Theta  (6)  for  Three  Frequencies  and  Five  Soil 
Conditions,  for  d.O  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  M 16  Radiab 

(Elevation  Angle  y  =  90®  -  6) 


£j.  ■  30,  o  » 15  mS/fn 


MET  GROUND 


THETA 

5  MHz 

17.5  MHz 

30  MHZ 

0.0 

-86.83 

-87.34 

-89.03 

2.5 

-20.59 

-24.80 

-17.30 

5.0 

-14.58 

-18.75 

-11.30 

7.5 

-11.08 

-15.17 

-7.83 

10.0 

-8.60 

-12.59 

-5.39 

12.5 

-6.69 

-10.56 

-3.54 

15.0 

•5.14 

-8.87 

-2.06 

17.5 

-3.84 

-7.40 

-0.86 

20.0 

-2.73 

-6.10 

0.14 

22.5 

-1.76 

-4.93 

0.96 

25.0 

-0.90 

•3.86 

1.64 

27.5 

-0.15 

-2.87 

2.20 

30.0 

0.53 

-1.96 

2.63 

32.5 

1.14 

-1.11 

2.96 

35.0 

1.69 

-0.31 

3.19 

37.5 

2.19 

0.43 

3.33 

40.0 

2.63 

1.13 

3.38 

42.5 

3.04 

1.78 

3.36 

45.0 

3.40 

2.38 

3.28 

47.5 

3.72 

2.93 

3.16 

50.0 

4  .00 

3.44 

3.03 

52.5 

4.24 

3.89 

2.93 

55.0 

4.45 

4.30 

2.90 

57.5 

4.62 

4.66 

2.97 

60.0 

4  .74 

4.95 

3.16 

62.5 

4.83 

5.19 

3.46 

65.0 

4.86 

5.36 

3.82 

67.5 

4.84 

5.45 

4.20 

70.0 

4.76 

5.45 

4.54 

72.5 

4.59 

5.33 

4.78 

75.0 

4.32 

5.08 

4.86 

77.5 

3.89 

4.63 

4.71 

80.0 

3.23 

3.91 

4.24 

82.5 

2.17 

2.72 

3.25 

85.0 

0.29 

0.65 

1.31 

87.5 

-3.78 

-3.71 

-2.99 

90.0 

-86.83 

-87.34 

-89.03 

Cf-  10,  a»  15  mS/m 


MOIST  CLAY 


THETA 

5  MHz 

17.5  MHz 

30  MHz 

0.0 

-86.94 

-86.36 

-89.09 

2.5 

-20.59 

-24.11 

-16.89 

5.0 

-14.58 

-18.06 

-10.90 

7.5 

-11.07 

-14.48 

-7.42 

10.0 

-8.59 

-11.92 

-4.99 

12.5 

-6.68 

-9.90 

-3.14 

15.0 

-5.13 

-8.21 

-1.67 

17.5 

-3.83 

-6.76 

-0.47 

20.0 

-2.72 

-5.48 

0.53 

22.5 

-1.75 

-4.33 

1.36 

25.0 

-0.90 

-3.28 

2.05 

27.5 

-0.14 

-2.31 

2.62 

30.0 

0.54 

-1.42 

3.08 

32.5 

1.15 

-0.59 

3.44 

35.0 

1.70 

0.18 

3.71 

37.5 

2.20 

0.90 

3.90 

40.0 

2.65 

1.56 

4.01 

42.5 

3.05 

2.18 

4.05 

45.0 

3.41 

2.75 

4.04 

47.5 

3.73 

3.27 

3.99 

50.0 

4.01 

3.75 

3.92 

52.5 

4.26 

4.17 

3.85 

55.0 

4.46 

4.54 

3.79 

57.5 

4.63 

4.85 

3.78 

60.0 

4.76 

5.11 

3.82 

62.5 

4.84 

5.30 

3.90 

65.0 

4.88 

5.41 

4.02 

67.5 

4.86 

5.44 

4.13 

70.0 

4.77 

5.37 

4.20 

72.5 

4.60 

5.18 

4.18 

75.0 

4.32 

4.83 

4.00 

77.5 

3.88 

4.26 

3.59 

80.0 

3.20 

3.38 

2.84 

82.5 

2.09 

1.99 

1.53 

85.0 

0.16 

-0.35 

-0.78 

87.5 

-4.05 

-5.09 

-5.55 

90.0 

-86.94 

-86.36 

-89.09 
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Tible  A>23.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Three  Frequencies 
and  Five  Soil  Conditions,  for  6.0  Meter  High  Monopole  with 
12  Meter  Radius  Ground  Screen  of  id  Radials  (Continued) 


(Elevation  Angle  y  s  90‘’  -  9) 


■  10,  o-  1.5  mS/m 


MEDIOM  DRY  GROUND 


THETA 

5  MHz 

17.5  MHz 

30  MHz 

0.0 

-84.89 

-86.24 

-89.43 

2.5 

-19.42 

-25.22 

-17.46 

5.0 

-13.41 

-19.14 

-11.47 

7.5 

-9.91 

-15.52 

-8.00 

10.0 

-7.44 

-12.88 

-5.58 

12.5 

-5.54 

-10.78 

-3.74 

15.0 

-4.00 

-9.01 

-2.28 

17.5 

-2.72 

-7.46 

-1.09 

20.0 

-1.63 

-6.08 

-0.11 

22.5 

-0.68 

-4.82 

0.71 

25.0 

0.16 

-3.67 

1.38 

27.5 

0.89 

-2.61 

1.94 

30.0 

1.54 

-1.62 

2.40 

32.5 

2.12 

-0.71 

2.75 

35.0 

2.63 

0.13 

3.03 

37.5 

3.09 

0.91 

3.23 

40.0 

3.49 

1.64 

3.36 

42.5 

3.84 

2.30 

3.45 

45.0 

4.15 

2.91 

3.50 

47.5 

4  .41 

3.45 

3.53 

50.0 

4.63 

3.94 

3.56 

52.5 

4.80 

4.37 

3.61 

55.0 

4.92 

4.74 

3.71 

57.5 

4.99 

5.05 

3.84 

60.0 

5.01 

5.28 

4.03 

62.5 

4.98 

5.44 

4.23 

65.0 

4.87 

5.52 

4.44 

67.5 

4.69 

5.50 

4.61 

70.0 

4  .42 

5.38 

4.71 

72.5 

4.03 

5.11 

4.69 

75.0 

3.49 

4.68 

4.49 

77.5 

2.74 

4.02 

4.04 

80.0 

1.68 

3.02 

3.23 

82.5 

0.12 

1.50 

1.87 

85.0 

-2.39 

-0.99 

-0.51 

87.5 

-7.31 

-5.90 

-5.36 

90.0 

-84.89 

-86.24 

-89.43 

«  4,  o  «  1 .5  mS/m 


SAND 


THETA 

5  MHZ 

17.5  MHz 

30  MHz 

0.0 

-84.30 

-85.52 

-89.80 

2.5 

-19.17 

-25.84 

-18.03 

5.0 

-13.16 

-19.74 

-12.02 

7.5 

-9.66 

-16.10 

-8.52 

10.0 

-7.19 

-13.44 

-6.06 

12.5 

-5.29 

-11.29 

-4.17 

15.0 

-3.75 

-9.47 

-2.65 

17.5 

-2.47 

-7.85 

-1.40 

20.0 

-1.38 

-6.40 

-0.35 

22.5 

-0.43 

-5.07 

0.53 

25.0 

0.40 

-3.84 

1.27 

27.5 

1.13 

-2.70 

1.89 

30.0 

1.78 

-1.64 

2.41 

32.5 

2.35 

-0.66 

2.83 

35.0 

2.86 

0.25 

3.17 

37.5 

3.31 

1.08 

3.43 

40.0 

3.71 

1.85 

3.63 

42.5 

4.05 

2.54 

3.78 

45.0 

4.34 

3.17 

3.89 

47.5 

4.59 

3.73 

3.98 

50.0 

4.79 

4.22 

4.05 

52.5 

4.94 

4.65 

4.13 

55.0 

5.04 

5.00 

4.22 

57.5 

5.09 

5.27 

4.33 

60.0 

5.07 

5.47 

4.44 

62.5 

5.00 

5.59 

4.54 

65.0 

4.85 

5.61 

4.61 

67.5 

4.62 

5,53 

4.63 

70.0 

4.29 

5.32 

4.56 

72.5 

3.83 

4.96 

4.36 

75.0 

3.21 

4.42 

3.97 

77.5 

2.36 

3.63 

3.33 

80.0 

1.18 

2.48 

2.31 

82.5 

-0.54 

0.78 

0.72 

85.0 

-3.24 

-1.93 

-1.91 

87.5 

-8.40 

-7.13 

-7.05 

90.0 

-84.30 

-85.52 

-89.80 
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Table  A-23.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (9)  for  Three  Frequencies 
and  Five  Soil  Conditions,  for  6.0  Meter  High  Monopole  with 
12  Meter  Radius  Ground  Screen  of  16  Radials  (Concluded) 

(Elevation  Angle  ^^90^-0) 


>  4,  G  -  0.15  mS/m 


THETA 

VERY  DRY  GRODND 
5  KHZ  17.5  KHz 

30  MHz 

0.0 

-85.30 

-85.58 

-89.90 

2.5 

-18.95 

-32.45 

-19.21 

5.0 

-12.94 

-26.11 

-13.17 

7.5 

-9.44 

-22.07 

-9.61 

10.0 

-6.98 

-18.92 

-7.06 

12.5 

-5.08 

-16.22 

-5.08 

15.0 

-3.55 

-13.82 

-3.45 

17.5 

-2.27 

-11.65 

-2.10 

20.0 

-1.18 

-9.66 

-0.94 

22.5 

-0.24 

-7.84 

0.04 

25.0 

0.58 

-6.17 

0.88 

27.5 

1.30 

-4  .64 

1.59 

30.0 

1.94 

-3.24 

2.19 

32.5 

2.50 

-1.96 

2.68 

35.0 

3.00 

-0.80 

3.07 

37.5 

3.44 

0.26 

3.38 

40.0 

3.83 

1.21 

3.62 

42.5 

4.16 

2.06 

3.79 

45.0 

4.44 

2.82 

3.92 

47.5 

4.67 

3.50 

4.02 

50.0 

4.85 

4.08 

4.11 

52.5 

4.99 

4.59 

4.19 

55.0 

5.07 

5.00 

4  .28 

57.5 

5.10 

5.34 

4.38 

60.0 

5.07 

5.58 

4.49 

62.5 

4.97 

5.73 

4.59 

65.0 

4.80 

5.79 

4.66 

67.5 

4.55 

5.73 

4.68 

70.0 

4.19 

5.54 

4.61 

72.5 

3.69 

5.20 

4.41 

75.0 

3.03 

4.67 

4.02 

77.5 

2.14 

3.88 

3.38 

80.0 

0.91 

2.74 

2.36 

82.5 

-0.85 

1.05 

0.77 

85.0 

-3.61 

-1.66 

-1.86 

87.5 

-8.83 

-6.86 

-7.00 

90.0 

-85.30 

-85.58 

-89.90 
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Table  A>24.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (0)  for  Three  Frequencies  and  Five  SoO 
Conditions,  for  7.0  Meter  High  Monopole  with  12  Meter  Radius  Ground  Screen  of  16  Radials 

(Elevation  Angle  v  =  90®  -  6) 


e,- 

30,0- 

15mS/m 

er“ 

10,  a- 

15  mS/m 

WET  GROUND 

MOIST  CLAY 

THETA 

5  MHZ 

17.5  MHZ 

30  MHz 

THETA 

5  MHZ 

17.5  MHz 

30  MHz 

0.0 

-87.01 

-87.46 

-89.83 

0.0 

-87.08 

-86.35 

-90.13 

2.5 

-20.68 

-27.43 

-16.74 

2.5 

-20.68 

-26.68 

-17.24 

S.O 

-14.66 

-21.36 

-10.72 

5.0 

-14.67 

-20.61 

-11.22 

7.5 

-11.16 

-17.75 

-7.20 

7.5 

-11.16 

-17.00 

-7.70 

10.0 

-8.68 

-15.13 

-4.70 

10.0 

-8.68 

-14.38 

-5.20 

12.5 

-6.77 

-13.04 

-2.78 

12.5 

-6.77 

-12.30 

-3.27 

15.0 

-5.21 

-11.27 

-1.21 

15.0 

-5.21 

-10.53 

-1.70 

17.5 

-3.91 

-9.72 

0.10 

17.5 

-3.91 

-8.99 

-0.38 

20.0 

-2.80 

-8.33 

1.21 

20.0 

-2.79 

-7.61 

0.74 

22.5 

-1.82 

-7.04 

2.17 

22.5 

-1.82 

-6.34 

1.71 

25.0 

-0.97 

-5.85 

2.99 

25.0 

-0.96 

-5.17 

2.55 

27.5 

-0.20 

-4.74 

3.70 

27.5 

•0.20 

-4.08 

3.27 

30.0 

0.48 

•3.69 

4.30 

30.0 

0.48 

-3.05 

3.89 

32.5 

1.09 

-2.69 

4  .79 

32.5 

1.10 

-2.09 

4.41 

35.0 

1.65 

-1.75 

5.19 

35.0 

1.65 

-1.18 

4.83 

37.5 

2.15 

-0.86 

5.50 

37.5 

2.15 

-0.31 

5.17 

40.0 

2.60 

-0.01 

5.70 

40.0 

2.61 

0.50 

5.41 

42.5 

3.01 

0.78 

5.80 

42.5 

3.01 

1.26 

5.57 

45.0 

3.37 

1.53 

5.80 

45.0 

3.38 

1.97 

5.63 

47.5 

3.70 

2.23 

5.69 

47.5 

3.71 

2.63 

5.60 

50.0 

3.98 

2.87 

5.48 

50.0 

3.99 

3.24 

5.48 

52.5 

4.23 

3.46 

5.16 

52.5 

4.24 

3.79 

5.27 

55.0 

4.44 

4.00 

4.74 

55.0 

4.45 

4.28 

4.97 

57.5 

4.62 

4.47 

4.23 

57.5 

4.63 

4.72 

4.61 

60.0 

4.75 

4.89 

3.66 

60.0 

4.76 

5.08 

4.18 

62.5 

4.84 

5.23 

3.05 

62.5 

4.85 

5.38 

3.71 

65.0 

4.88 

5.49 

2.48 

65.0 

4.89 

5.59 

3.23 

67.5 

4.86 

5.67 

1.99 

67.5 

4.87 

5.71 

2.76 

70.0 

4.78 

5.75 

1.63 

70.0 

4.79 

5.71 

2.30 

72.5 

4.62 

5.71 

1.38 

72.5 

4.62 

5.59 

1.84 

75.0 

4.35 

5.52 

1.19 

75.0 

4.34 

5.30 

1.34 

77.5 

3.92 

5.13 

0.93 

77.5 

3.91 

4.78 

0.71 

eo.o 

3.26 

4.44 

0.44 

80.0 

3.22 

3.95 

-0.18 

82.5 

2.20 

3.29 

-0,52 

82.5 

2.12 

2.59 

-1.56 

85.0 

0.33 

1.25 

-2.41 

85.0 

0.19 

0.28 

-3.91 

87.5 

-3.74 

-3.10 

-6.67 

87.5 

-4.02 

-4.44 

-8.69 

90.0 

-87.01 

-87.46 

-89.83 

90.0 

-87.08 

-86.35 

-90.13 
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l^ble  A-24.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (G)  for  Three  Frequencies 
and  Five  Soil  Conditions,  for  7.0  Meter  High  Monopole  with 
12  Meter  Radius  Ground  Screen  of  16  RaditUs  (Continued) 

(Elevation  Angle  y  ^  90°  -  6) 


Ef- 10, 0«  1.5inS/m  -  4,  o  -  1 .5  mS/m 


MEDIUM  DRY  GROUND  SAND 


THETA 

5  MHz 

17.5  MHz 

30  MHZ 

THETA 

5  MHz 

17.5  MHz 

30  MHz 

0.0 

-85.09 

-86.53 

-89.88 

0.0 

-84.33 

-85.83 

-90.14 

3.5 

-19.51 

-27.99 

-17.19 

2.5 

-19.36 

-31.45 

-18.31 

5.0 

-13.50 

-21.87 

-11.18 

5.0 

-13.25 

-25.19 

-12.27 

7.5 

-10.00 

-18.20 

-7.67 

7.5 

-9.75 

-21.28 

-8.73 

10.0 

-7.53 

-15.49 

-5.19 

10.0 

-7.28 

-18.28 

-6.20 

12.5 

-5.63 

-13.29 

-3.38 

12.5 

-5.37 

-15.75 

-4.23 

15.0 

-4.09 

-11.41 

-1.74 

15.0 

-3.83 

-13.51 

-2.63 

17.5 

-2.80 

-9.74 

-0.45 

17.5 

-2.55 

-11.49 

-1.27 

30.0 

-1.70 

-8.32 

0.65 

20.0 

-1.45 

-9.64 

-0.11 

22.5 

-0.75 

-6.83 

1.58 

32.5 

-0.50 

-7.93 

0.89 

25.0 

0.09 

-5.53 

3.39 

25.0 

0.33 

-6.35 

1.76 

27.5 

0.83 

-4.33 

3.09 

27.5 

1.07 

-4.89 

2.51 

30.0 

1.48 

-3.18 

3.68 

30.0 

1.72 

-3.54 

3.16 

32.5 

2.06 

-2.12 

4.17 

32.5 

2.30 

-2.30 

3.70 

35.0 

2.58 

-1.13 

4.58 

35.0 

3.81 

-1.16 

4.16 

37.5 

3.04 

•0.20 

4.89 

37.5 

3.27 

-0.11 

4.52 

40.0 

3.45 

0.67 

5.11 

40.0 

3.67 

0.85 

4.79 

42.5 

3.81 

1.47 

5.25 

42.5 

4  .02 

1.72 

4.99 

45.0 

4.13 

3.21 

5.30 

45.0 

4.33 

3.51 

5.10 

47.5 

4.39 

3.89 

5.36 

47.5 

4.57 

3.31 

5.13 

50.0 

4.61 

3.51 

5.14 

50.0 

4.77 

3.84 

5.10 

52.5 

4.78 

4.06 

4.94 

52.5 

4.93 

4.39 

5.00 

55.0 

4.91 

4.54 

4.69 

55.0 

5.03 

4.85 

4.86 

57.5 

4.99 

4.95 

4.38 

57.5 

5.08 

5.23 

4.67 

60.0 

5.01 

5.28 

4.05 

60.0 

5.08 

5.53 

4.45 

63.5 

4 . 98 

5.54 

3.73 

63.5 

5.01 

5.73 

4.31 

65.0 

4.88 

5.70 

3.43 

65.0 

4.87 

5.83 

3.96 

67.5 

4.71 

5.76 

3.14 

67.5 

4.64 

5.82 

3.69 

70.0 

4  .44 

5.70 

3.88 

70.0 

4.31 

5.68 

3.38 

72.5 

4.05 

5.50 

2.61 

72.5 

3.86 

5.38 

3.99 

75.0 

3.52 

5.12 

2.25 

75.0 

3.23 

4.89 

2.48 

77.5 

2.77 

4.51 

1.72 

77.5 

2.39 

4.14 

1.75 

80.0 

1.71 

3.55 

0.89 

80.0 

1.31 

3.03 

0.69 

83.5 

0.15 

3.06 

-0.48 

82.5 

-0.51 

1.36 

-0.93 

85.0 

-2.36 

-0.41 

-2.85 

85.0 

-3.21 

-1.34 

-3.57 

87.5 

-7.28 

-5.31 

-7.69 

87.5 

-8.36 

-6.52 

-8.72 

90.0 

-85.09 

-86'.  53 

-89.88 

90.0 

-84.33 

-85.83 

-90.14 
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Tkble  A-24.  Antenna  Directivity  in  dBi  versus  Polar  Angle  Theta  (6)  for  Three  Frequmcies 
and  Five  Soil  Conditions,  for  7 JO  Meter  High  Monopoie  with 
12  Meter  Radius  Ground  Screen  of  16  Radials  (Concluded) 

(Elevation  Angie  y  »  90°  -  9) 


Ef «  4,  o  -  0.15  mS/m 

VERY  DRY  GROTOD 


THETA 

5  MH2 

17.5  MHZ 

30  MHz 

0.0 

-85.40 

-86.10 

-90.12 

3.5 

-19.03 

-37.48 

-19.35 

5.0 

-13.01 

-31.14 

-13.28 

7.5 

-9.51 

-37.05 

-9.67 

10.0 

-7.04 

-23.71 

-7.06 

13.5 

-5.15 

-30.69 

-5.00 

15.0 

-3.61 

-17.89 

-3.28 

17.5 

-3.33 

-15.37 

-1.82 

30.0 

-1.34 

-12.85 

-0.56 

33.5 

-0.30 

-10.63 

0.54 

35.0 

0.53 

-8.58 

1.50 

37.5 

1.36 

-6.72 

2.33 

30.0 

1.90 

-5.04 

3.03 

33.5 

3.47 

-3.51 

3.63 

35.0 

2.97 

-2.12 

4.12 

37.5 

3.41 

-0.87 

4.51 

40.0 

3.80 

0.36 

4.80 

43.5 

4.14 

1.27 

5.00 

45.0 

4  .43 

2  18 

5.11 

47.5 

4.66 

2.99 

5.14 

50.0 

4.85 

3.70 

5.10 

53.5 

4.99 

4.31 

5.00 

55.0 

5.08 

4.83 

4.84 

57.5 

5.11 

5.26 

4.65 

60.0 

5.09 

5.59 

4.44 

63.5 

5.00 

5.82 

4.21 

65.0 

4.83 

5.95 

3.98 

67.5 

4.58 

5.96 

3.73 

70.0 

4.32 

5.83 

3.44 

73.5 

3.73 

5.54 

3.08 

75.0 

3.07 

5.06 

2.59 

77.5 

3.18 

4.31 

1.88 

80. 0 

0.96 

3.30 

0.83 

83.5 

-0.81 

1.53 

-0.77 

85.0 

-3.57 

-1.16 

-3.41 

87.5 

-8.79 

-6.34 

-8.55 

90.0 

-85.40 

-86.10 

-90.12 

